Summary. Resistance to the anticoagulant effect of activated protein C (APC resistance), a frequent abnormality in patients with a history of venous thrombosis, is known to ·' be due, in the large majority of cases, to the presence of an abnormal factor V: the factor V Leiden. It is reasonable to surmise that screening for this abnormality should be performed with a clotting method for APC resistance, before submitting the patients with abnormal results to DNA analysis. The present study was performed on 216 individuals enrolled at the Bologna centre, of which 189 were unrelated patients with a history of juvenile venous thromboembolism and 27 were relatives with or without thrombosis. APC resistance was first measured in Bologna by a Standard commercial method and then, in Leiden, by an inhouse method; DNA analysis was performed in those cases in which at least one of the clotting methods was abnormal.
Summary. Resistance to the anticoagulant effect of activated protein C (APC resistance), a frequent abnormality in patients with a history of venous thrombosis, is known to ·' be due, in the large majority of cases, to the presence of an abnormal factor V: the factor V Leiden. It is reasonable to surmise that screening for this abnormality should be performed with a clotting method for APC resistance, before submitting the patients with abnormal results to DNA analysis. The present study was performed on 216 individuals enrolled at the Bologna centre, of which 189 were unrelated patients with a history of juvenile venous thromboembolism and 27 were relatives with or without thrombosis. APC resistance was first measured in Bologna by a Standard commercial method and then, in Leiden, by an inhouse method; DNA analysis was performed in those cases in which at least one of the clotting methods was abnormal.
The data obtained conflrm the good performance and the optimal positive predictive value for the Leiden mutation (100%) of the Leiden in-house clotting method. Performance of the commercial method was less satisfactory but markedly improved by expressing the data in relation to the values simultaneously obtained with a normal plasma pool. Even with optimal data expression, however, the positive predictive value of the commercial method, versus DNA analysis, did not exceed 88%. It is concluded that further standardization of the commercial method here evaluated is necessary before it can be widely adopted for the screening of APC resistance and prediction of the presence of factor V Leiden.
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A previously unrecognized mechanism for thrombophilia, characterized by a poor anticoagulant response to activated protein C (APC), was recently described by Dahlbäck ei al (1993) in several families with an inherited tendency to thrombosis. This poor response to APC was then shown to be due in the large majority of cases to a selective defect in factor V (R506Q or factor V Leiden mutation), a factor that not only expresses procoagulant properties but also plays a role in the anticoagulant System äs an important target of APC Dahlbäck & Hildebrand, 1994) . The so-called 'APC resistance' has been found to be the most frequent alteration in previously undiagnosed thrombotic Correspondence: Dr Cristina Legnani, Department of Angiology and Blood Coagulation, University Hospital S. Orsola, Via Massarenti 9, 40138 Bologna, Italy.
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patients with a prevalence ranging from 20% to 65% in different studies (Faioni et al, 1993; Griffin et al, 1993; Koster et al, 1993; Cadroy et cd, 1994; Cushman et al, 1994; Halbmayer et al, 1994; Legnani et al, 1994; . On the basis of these results, APC resistance seems far from being a rarity; it has therefore been suggested that all thrombotic patients should be tested for this abnormality (Koster et al, 1993) .
In a series of patients suffering from juvenile thromboembolic episodes recruited in the Bologna centre, a poor anticoagulant response to APC was found in about 20% of cases (Legnani et al, 1994) . However, a very high variability of results was observed when the patients were re-tested, the diagnosis being confirmed in only about half the patients with a first abnormal test. On this basis, it may be surmised that some methodological problems could be, at least in part, Two APC-resistance Assaysfor Prediction ofFactor V Leiden 695 responsible for these inconsistencies. Difficulties in standardization of clotting APC resistance assays could also explain some of the differences in the prevalence of APC resistance observed in different series of thrombophilic patients, albeit recruited with different criteria (Faioni et al, 1993; Griffin et al, 1993; Koster et al, 1993; Cadroy et al, 1994; Cushman et d, 1994; Halbmayer et al, 1994; Legnani et al, 1994; .
The aim of this study was to compare the results of two different APC-resistance tests in a series of young thrombophilic patients by using; (1) the commercial method customarily used in the Bologna laboratory, and (2) the in-house method developed at the Leiden laboratory, which proved to have a very high sensitivity and specificity in detecting the factor V Leiden mutation de Ronde & Bertina, 1994) . The results of these two clotting methods were then compared with those of DNA analysis performed to identify the presence of the factor V Leiden mutation.
CLINICAL MATERIAL AND METHODS
Samples. APC resistance tests were performed on plasma of 216 individuals: 189 unrelated patients (88 males, 12-73 years) whose first or only venous thromboembolic episode (VTE) occurred before 45 years, and 27 relatives (with or without previous thrombotic episodes, 13 males) of 15 propositi. A second blood sample taken from 37 of the 189 above-mentioned patients was also tested to assess reproducibility of results.
Blood was sampled at least 3 months after the last or single venous thromboembolic episode and 3 weeks after withdrawal of any antithrombotic treatment. Samples from patients with evidence of lupus-like anticoagulant or prolonged aPTT for any causes were excluded.
Venous blood samples were collected from a forearm vein, anticoagulated with trisodium citrate (0-129 M, 1/10), kept in melting ice until centrifugation at 3000g at room temperature for 30min, and immediately snap frozen. Both tests were performed on plasma samples, stored at -70° C for a period ranging from l week to 3 years. Plasma samples (one coded aliquot for each patient) were shipped on dry ice to the laboratory in Leiden and were received in good condition.
Commercial method (Bologna) . The anticoagulant response of plasmas to APC was evaluated in Bologna by a commercial method (Chromogenix, Mölndal, Sweden), using an ACL-300 (Instrumentation Laboratory, Milan, Italy) with the research programme. The results were expressed äs follows: (1) äs APC ratio (APC-SR), obtained by dividing the aPTT plus APC by the aPTT minus APC; (2) äs normalized APC-SR (n-APC-SR), obtained by dividing the APC-SR of the patient sample by the APC-SR of the normal plasma pool; (3) äs per cent APC sensitivity (APC-Sens%), calculated äs (aPTT plus APC-aPTT minus APC) sample / (aPTT plus APC -aPTT minus APC) poo , χ 100%.
Normal plasma pool was prepared from donations of a large number (> 100) of apparently healthy subjects, separated in aliquots and stored at -70°C.
Five different batches of the APC resistance kit were used (lot nos.: X0548, X0705, X0725, X0727, X0922) and the normal plasma pool was tested in each working Session. The inter-assay coefficients (CV%) of Variation were calculated on the basis of the results of a commercial lyophilized normal plasma (Citrol, Baxter), and were 9-8%, 9-7% and 9-3% for the APC-SR, the n-APC-SR and the APC-Sens% values, respectively.
The normal values were obtained from 70 healthy agematched subjects (APC-SR: mean 3-06, SD 0-73, ränge 1-99-4-95; n-APC-SR: mean 1-06, SD 0-19, ränge 0-68-1-54; APC-Sens%: mean 122%, SD 31%, ränge 70-196%); none of these subjects gave results outside 3 SD above or below the mean, the minimum value (APC-SR 1-99; n-APC-SR 0-68; APC-Sens% 70%) being selected äs the lower limit of the normal ränge.
In-house method (Leiden). The anticoagulant response of plasmas to APC was also measured in Leiden using the inhouse assay, following the procedure described in details elsewhere (de Ronde & Bertina, 1994) . Results were expressed äs n-APC-SR, and a value <0-70 was considered to be abnormal.
DNA analysis. DNA analysis was performed in Leiden äs described elsewhere . Briefly, the presence of the factor V Leiden mutation was shown by Mnll digestion of amplified factor V DNA and visualization of the cleavage products on ethidium-bromide-stained agarose gels. In a few cases DNA analysis was performed in the Ferrara laboratory (Centro Studi Biochimici delle Patologie del Genoma Umano-Istituto di Chimica Biologica, University of Ferrara, Italy), following the same procedure äs mentioned above. Patients were selected for DNA analysis on the basis of abnormal results obtained with both or at least one of the clotting methods. The data obtained with the commercial method were considered abnormal when either APC-SR or n-APC-SR or APC-Sens% were equal or below the lower limit of normal.
Staüstical analysis. In all 216 samples we used both clotting tests, and so we could compare the prevalence of abnormal results and the number of concordant and discordant results with the two tests. The availability of a second sample in 3 7 of these patients made it possible to assess the consistency of both tests, by comparing the results on the first and second sample.
We recalled patients who had an abnormal result in either or both (Bologna/Leiden) of the tests, and performed DNA analysis for factor V Leiden äs a 'gold Standard'. First, this enabled us to calculate the positive predictive value of each of the tests, which is defined äs the proportion among those with an abnormal test result who have the disease the test is aimed at (in this instance, carriers of the mutation among those with a positive clotting test). Since the positive predictive value is defined among those with a positive (clotting) test, and since we performed DNA analysis in all individuals with positive result, the estimates of the predictive values for both tests are unbiased. Confidence intervals were based on the normal approximation to the binomial distribution.
The sensitivity (proportion of positive clotting tests among Table I . Number (%) of concordant (normal and abnormal) and discordant results of commercial versus inhouse method for the identification of APC resistance in 216 patients. Results of the commercial method iire expressed äs APC-SR, n-APC-SR and APC-Sens%. 
RESULTS
The laboratory criteria for APC resistance were fulfüled in "43/216 (20%) cases by the Leiden in-house method and in 45 (21%), 22 (10%) and 47 (22%) cases by the commercial method employed in Bologna, using APC-SR, n-APC-SR and APC-Sens%, respectively (see Table I ). The number of concordant (normal and abnormal) and discordant results between the two methods are reported in Table I . The percentage of discordant results obtained by the commercial versus the in-house method differed greatly depending on the way results were expressed. The disagreement was greater (18-5%) when the results were expressed äs APC-SR; in contrast, discordance was effectively reduced if values were presented so äs to take account of the results of a normal plasma pool obtained in the same test run (n-APC-SR 12-5%, APC-Sens% 7-4%). To assess whether the prolonged period of storage of some samples (up to 3 years) could have contributed to the large number of discordant results, samples were evaluated separately according to the year of freezing; concordance of results, however, did not improve (data not reported). Though samples with the lupus anticoagulant (I,AC) phcnomcnon were excluded from the study, anticardiolipin k'vels (IgCi iind IgM) were mcasurcd in all examined samples: the resnlls, litnvever. wcrc always within the normal rangcs in lliose siimplcs whosc APC resistance resulls wcrc discordanl willi the Iwo methods (data not shown).
Consistency of results of the two mclluxls was invesligated by examining the 37 palients sampled al two diflcrcnt occasions. As can be seen in Table 11 . l he commercial meUiod gave a higher inconsislency comparcd lo Ihc in-housc method. The percentage ofinconsislcnl resulls obtained with the commercial method was largely alTectcd by the way results were expressed, bcinj» higher for AI'C-SK (43-1%) and lower for n-APC-SR (16-2%). The in-house method proved inconsistent in only 3/37 (8-1%) cases.
Subjects with either concordant abnormal or discordant results with the two methods (66 paticnls) were invilcd for further blood sampling to perform DNA analysis; 5] suhjecls presented. The factor V Leiden mutation was identified in 39/49 patients (all heterozygous carriers). The individual results of the two clotting methods (presence or absence of factor V Leiden mutation) are plotted in Fig 1. In the 37 patients tested twice, the lower value obtained was used.
The sensitivity ratio of the commercial versus the in-house method differed greatly according to the ways of expressing the results of the former, the ratio being 0-59, 0-56 and 0-92 using APC-SR, n-APC-SR and APC-Sens% values respectively. Table III reports the positive predictive values of the two tests vs the presence of factor V Leiden mutation. Table II . Number (%) of consistent (normal and abnormal) and inconsistent results obtained by the commercial arid inhouse methods for the Identification of APC resistance in 37 patients, sampled on two different occasions. Results of the commercial method are expressed äs APC-SR, n-APC-SR and APC-Sens%.
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Commercial method (APC-SR)
Commercial method (n-APC-SR)
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In-house method (n-APC-SR) APC resistance, in the majority of cases due to factor V Leiden mutation, has been reported äs being common in the general Population, with a prevalence of 3-7% of subjects in different countries (Koster et al, 1993; Beauchamp et al, 1994; Berüna et al, 1994; . This alteration -to date mainly diagnosed by clotting methods only -has been quoted äs the single most frequent abnormality in patients suffering from thrombotic episodes (Faioni et cd, 1993; Griffin etal, 1993; Koster et al, 1993; Cadroyetfl/, 1994; Cushmanei al, 1994; Halbmayer et al, 1994; Legnani et al, 1994; . However, its prevalence in thrombotic patients has in different studies, shown great variability (20-65%) only partially attributable to the different criteria used for patient selection (Faioni et al, 1993; Griffin ei al, 1993; Koster et al, 1993; Cadroy et al, 1994; Cushman et al, 1994; Legnani et al, 1994; . In the experience of the Bologna Centre, a poor response of plasmas to APC was the most frequent alteration detectable in patients with juvenile thromboembolism (21% of cases; Legnani et al, 1994) . On the basis of these figures, it has been suggested that all thrombotic patients should be tested for APC resistance. The question has also been raised whether it is worthwhile to screen for this abnormality subjects before surgery, during pregnancy and before oral contraception (Cook et al, 1994; Vandenbroucke et al, 1994) . It is therefore necessary to investigate large groups of subjects for this abnormality. Clotting methods for APC resistance are straightforward and may also be performed in non-specialized laboratories; they are rapid and can be completely automated. Furthermore, they might allow the identification of APC resistance phenomena caused by conditions other than the one to date identified (factor V Leiden). Zöller et al (1994) have in fact reported a limited number of patients with APC resistance without factor V mutation, suggesting that other, äs yet unknown, alterations may cause a reduced response to activated protein C. Since the APC-resistance test is based on an aPTT System it is not reliable in patients receiving oral anticoagulants, though modiflcations of the test have recently been proposed to overcome this limitation (Jorquera et al, 1994; Trossaert et al, 1994) .
On the other band, DNA analysis, which provides 100% sensitivity and specificity for factor V mutation, could be used to diagnose this condition. However, the genetic test 698 C. Legnani et al requires molecular biology expertise, is time-consuming and expensive, and cannot identify APC resistance phenomenon due to other causes.
Clotting assays for APC resistance seem therefore to be a first choice for the screening of this condition in large groups of patients; it is necessary, however, that their diagnostic sensitivity and specificity for factor V mutation prove good enough, since this mutation has already been shown a risk factor for thrombosis (Bertina et al, 1995; Rosendaal et al, 1995; Zöller et al, 1994) . However, äs previously mentioned, discrepancies in the results of APC-resistance tests have been reported (Alhenc-Gelas et al, 1994; Baker ei al, 1994; Voorberg et al, 1994) , and in the Bologna experience abnormal results were confirmed only in about 40% of the patients sampled twice (Legnani et al, 1994) . Several assay conditions (such äs aPTT reagent, APC concentration and source, expression of results, Instruments used) may account for these discrepancies and proper standardization is highly recommended.
The commercial clotting method from Chromogenix, customarily used in the Bologna laboratory, has recently been evaluated in a multicentre study (Rosen et al, 1994) showing good reproducibility. Unfortunately this study only included samples from apparently healthy subjects (not tested for the presence of the factor V Leiden mutation). No Information on its diagnostic sensitivity and specificity could therefore be provided.
The two functional methods examined in the present study were not performed in the same laboratory. Though the handling of samples was performed in only one laboratory and the Instruments used were of the same type, it cannot be excluded that observed discrepancies in results may be due, at least in part, to the effects of different technologists and ambient conditions. The results obtained in the present study confirm the previously reported good Performance of the Leiden method de Ronde & Bertina, 1994) . Performance of the commercial method seems to be greatly influenced by data expression; in fact, both its positive predictive value and the ratio of its sensitivity versus the sensitivity of the Leiden method markedly improve when the expression of results includes consideration of the value of a normal plasma pool obtained simultaneously (n-APC-SR or APC-Sens instead of APC-SR). Concordance of results of the commercial method versus the Leiden in-house method was greater when they were expressed äs APC-Sens than in the other modes (discordant results in 7-4% of cases with APC-Sens, and 18-5% and 12-5% with APC-SR and n-APC-SR respectively). Consistency of results when patients were examined on two different occasions was also greater with the in-house versus commercial method, though the consistency of the latter improved when results were expressed äs APC-Sens or n-APC-SR instead of äs APC-SR. Since the between assay variability of the commercial method proved to be acceptable (about 9%), the inconsistency of results when patients were sampled twice may be due, at least in part, to a greater sensitivity of the test to some factors involved in the handling of samples (centrifugation, temperature, presence of platelets or platelet debris), äs pointed out in the recent collaborative study on the performance of this method (Rosen et al, 1994) .
The conclusions of our study are therefore: (a) adoption of a clotting test for APC-resistance screening is feasible and realistic äs proved by the optimal performance of the inhouse Leiden method; (b) the performance of the commercial method is highly influenced by the mode of result expression; (c) since the principle of the two clotting methods examined in the study is the same (äs were the Instruments used in the two laboratories), further standardization of the commercial method reagents and analytic protocols is necessary.
APPENDIX
Our design resembles what has been called 'work-up bias' (Ransohoff et al, 1978) , when a definite test in clinical practice is applied only to those with a positive first screening test. Because of the selection of individuals with a high probability of disease, estimates of sensitivities will be unduly optimistic, and estimates of specificity unduly pessimistic.
Methods for dealing with work-up bias have been developed for single diagnostic tests followed by a definite test, and require additional Information, e.g. on the prevalence of the disorder (Choi et al, 1992) . Our study is different, since we applied two diagnostic tests to all individuals. Although sensitivity and specificity estimates will be biased, it is now possible to arrive at an unbiased estimate of the ratio of the two sensitivities.
The observed sensitivity (S') of test A, when the final 2x2 tables contain only Information on DNA Status for those positive on one or both of the tests A and B, and S' is calculated in the classic way from these tables, is a function of the unbiased sensitivity (S) of tests A and B:
S'(A) = S(A) S(A) S(A) + {l -S(A)}.S(B) S(A) + S(B) -S(A).S(B)
in which the numerator reflects those rightly detected by test A, whereas the denominator consists of all gene carriers, either detected by test A (S(A)), or, when test A failed (l -S(A)), by test B (S(B)).
Since S(A) and S(B) will both be less than l, S'(A) will be greater than S(A), and is an overestimate of the true sensitivity.
Similarly, we will observe for test B:
S(B) S'(B) = S(A) + S(B) -S(A).S(B)
From these it follows that: S'(A) = S(A) S'(B) S(B) Therefore, although S'(A) and S'(B) are themselves biased estimates of S(A) and S(B), the ratio of the observed sensitivities is identical to the ratios of the true sensitivities. A ratio < l indicates a higher sensitivity for test B than for A and vice versa.
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